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ABSTRACT 

A permanent presence i n  space r e q u i r e s  a clear understanding of t h e  space 
environment and i t s  e f f e c t s  (1). This  environment c o n s i s t s  of  complicated and 
v a r i a b l e  plasmas and f i e l d s  t h a t  have s i g n i f i c a n t  e f f e c t s  on space  systems and 
on man i n  space. The Combined Release and Radia t ion  Effects S a t e l l i t e  (CRRES) 
h a s  been developed t o  h e l p  c l a r i f y  t h e  space environment p i c tu re .  

INTRODUCTION 

CRRES i s  a two-phase j o i n t  USAF/NASA program c o n s i s t i n g  of a low e a r t h  
o r b i t  phase (LEO) and geosynchronous t r a n s f e r  o r b i t  (GTO) phase (2) .  
program o f f i c e s  f o r  t h e  CRRES are a t  USAF/SD and NASA headquarters .  
The Aerospace Corporat ion provides  t e c h n i c a l  review f o r  t h e  SD Program Office. 
NASA Marshal l  Space F l i g h t  Center (MSFC) has  t h e  r e s p o n s i b i l i t y  t o  acqu i r e  t h e  
CRRES and h a s  a c o n t r a c t  w i t h  Ball Aerospace Systems Divis ion (BASD) f o r  
des ign ,  development, i n t e g r a t i o n ,  and test of t h e  CRRES (see Figure 1). 
a d d i t i o n ,  MSFC h a s  management r e s p o n s i b i l i t y  f o r  t h e  NASA experiment program i n  
LEO and GTO. 

The 
A t  USAF/SD, 

I n  

The 360 km c i r c u l a r  28.5 degree i n c l i n e d  low e a r t h  o r b i t  phase w i l l  l a s t  
During t h i s  45 t o  90 days and w i l l  be  managed by NASA (see Figures  2 and 3 ) .  

phase, a c t i v e  experiments w i l l  c o n s i s t  of tracer chemicals t h a t  w i l l  be 
r e l eased  over ground obse rva t ion  s i tes .  
atmosphere, and e a r t h ' s  magnetic f i e l d ,  enhanced by o r b i t a l  k i n e t i c  energy,  
w i l l  be monitored by pass ive  CRRES-mounted ins t ruments  and ground-based 
instruments .  The CRRES-mounted ins t ruments ,  developed by the  Naval Research 
Laboratory,  will a l s o  monitor t he  near-earth environment under s t e a d y s t a t e  
cond i t ions ,  i .e . ,  when no chemical releases occur.  
monitor ing of  chemical releases and s teady-s ta te  cond i t ions  is t o  improve 
knowledge of coupl ing of t h e  upper atmosphere with t h e  ionosphere,  t h e  
s t r u c t u r e s  i r r e g u l a r i t y ,  the  chemis t r i e s  and o t h e r  cond i t ions  of  t h e  ionosphere 
t h a t  a f f e c t  comunica t ions .  

Thei r  i n t e r a c t i o n  w i t h  t h e  ionosphere,  

The i n t e n t  of ionospher ic  

The geosynchronous t r a n s f e r  o r b i t  phase w i l l  las t  t h r e e  t o  f i v e  yea r s  and 
w i l l  be  managed by the  U.S. A i r  Force. 
i n c l i n a t i o n  o r b i t  w i l l  be  achieved us ing  a modified Minuteman 111 th i rd-s tage  
s o l i d  rocke t  motor, which w i l l  be  j e t t i s o n e d  a f t e r  t h e  burn i s  completed. 
o r b i t  w i l l  cause the  CRRES t o  t r a n s i t i o n  through the  e a r t h ' s  inner  and ou te r  
r a d i a t i o n  b e l t s  approximately every t e n  hours  and encounter  v a r i a b l e  plasmas 
and f i e l d s  from near  e a r t h  t o  geosynchronous a l t i t u d e s  i n  a n e a r l y  i n f i n i t e  
number of o r i e n t a t i o n s .  During t h i s  o r b i t a l  phase, t h e  v a r i a b l e  i n t e n s i t y  and 

The 400 x 36,800 km, 18 degree 

This  
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composition of( t h e  r a d i a t i o n  b e l t s  plasma and f i e l d s  w i l l  be a c c u r a t e l y  
measured and mapped. 
inc luding  instruments  t o  measure magnetic and electric f i e l d s ,  p a r t i c l e s ,  
waves, t o t a l  r a d i a t i o n  dose ,  cosmic rays, heavy i o n s ,  low/medium/ h igh  energy 
e l e c t r o n s  and t h e i r  p i t c h  angles, and t h e  e f f e c t s  of tracer chemicals.  See 
Figure 4. 

Over 50 ins t ruments  w i l l  be  used t o  perform t h i s  t a s k ,  

The CRRES geosynchronous t r a n s f e r  o r b i t  ins t ruments  have been developed by 
The A i r  Force Geophysics Laboratory i n  Bedford, s e v e r a l  agencies .  

Massachusetts,  i s  r e spons ib l e  f o r  t h e  Space Radia t ion  Experiment, which 
c o n s i s t s  o f  f i v e  deployable  booms and 28 e l e c t r o n i c s  u n i t s  i nc lud ing  a s e t  of 
s ta te-of- the-ar t  microe lec t ronics  t o  be exposed and c o r r e l a t e d  t o  space 
r a d i a t i o n .  The Of f i ce  of Naval Research, Washington, D.C.,  ha s  sponsored the  
Energe t ic  P a r t i c l e s  and Ion  Composition Experiment, developed by t h e  Lockheed 
Palo Alto Research Laboratory,  and the  I so topes  i n  So la r  Flares Experiment, 
developed by the  Un ive r s i ty  o f  Chicago. 

In  add i t ion ,  a n  experimental  se t  of  new type  ga l l ium a r sen ide  s o l a r  pane ls  
w i l l  be  onboard CRRES, t o  determine t h e i r  r a d i a t i o n  hardness ,  thermal 
annea l ing ,  and high e f f i c i e n c y  power gene ra t ion  c h a r a c t e r i s t i c s  i n  t h e  space  
environment. T h i s  experiment w i l l  ope ra t e  du r ing  bo th  phases of  t he  mission 
and has  been developed by t h e  A i r  Force Aero-Propulsion Laboratory,  A i r  Force 
Wright Aeronaut ical  Labora tor ies ,  WrightPat terson A i r  Force Base, Ohio. 

CRRES launch w i l l  be on t h e  S h u t t l e  and i s  scheduled f o r  mid-1989 from 
Kennedy Space Center.  
beyond. 
environment and i t s  e f f e c t s ,  and h e l p  a s s u r e  a permanent presence i n  space. 

Data w i l l  be  recovered and processed through 1994 and 
These d a t a  w i l l  g ive  u s  a much clearer p i c t u r e  of t h e  space  

CRRES MISSION DATA 

Engineering, modeling, and sc i ence  d a t a  obta ined  by CRRES w i l l  improve 
understanding of  the  geospace environment and its e f f e c t s .  

Engineering d a t a  w i l l  ch ron ic l e  environmental  e f f e c t s  on advanced s o l i d -  
s ta te  mic roe lec t ron ic s  and o t h e r  materials, such  as ga l l ium a r sen ide  s o l a r  
c e l l s  and d i e l e c t r i c s .  

Modeling and sc i ence  d a t a  w i l l  be  c o l l e c t e d  t o  s i g n i f i c a n t l y  improve the 

Better e q u a t o r i a l  d a t a  above 8000 km a l t i t u d e ,  h igher  
e x i s t i n g  r a d i a t i o n  b e l t  model by r e f i n i n g  e x i s t i n g  d a t a  and by f i l l i n g  gaps i n  
e x i s t i n g  models. 
e n e r g i e s  and more a c c u r a t e  angu la r  d i s t r i b u t i o n  d a t a  w i l l  b e  obta ined .  
Addi t iona l  s c i ence  d a t a  w i l l  improve understanding of geospace dynamics. This  
i nc ludes  p a r t i c l e  a c c e l e r a t i o n  and t r a n s p o r t ,  p a r t i c l e  sou rces  and l o s s e s ,  and 
magnetic storm e f f e c t s  ( 3 ) .  

ENGINEERING DATA 

The CRRES microe lec t ronics  experiment w i l l  provide d a t a  t o  improve 
sa te l l i t e  s u r v i v a b i l i t y  and r e l i a b i l i t y  i n  t h e  space r a d i a t i o n  environment. It 
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W i l l  measure e f f e c t s  of long-term t o t a l  r a d i a t i o n  dose degradat ion and shor t -  
term r a d i a t i o n  s o f t  e r r o r ,  o r  s i n g l e  event  upset  ( b i t - f l i p )  rates, on  over 300 
r e p r e s e n t a t i v e  advanced microe lec t ronics  parts and compare t h e s e  e f f e c t s  t o  
r a d i a t i o n  con ten t  and o r b i t  pos i t i on .  
microe lec t ronics  devices  limit s a t e l l i t e  o p e r a t i o n a l  l i f e t i m e  and t h e r e f o r e  
i n c r e a s e  c o s t s ,  and s o f t  e r r o r  ( b i t f l i p )  rates l i m i t  on-orbi t  system 
r e l i a b i l i t y .  Also,  performance of t h e s e  60 types  of microe lec t ronics  test 
devices  w i l l  be  c o r r e l a t e d  wi th  t h e  r a d i a t i o n  environment d a t a  from onboard 
ins t ruments  s o  t h a t  t h e  adequacy of e x i s t i n g  microe lec t ronics  ground test 
r a d i a t i o n  s imula t ion  programs can  be determined. 

To ta l  r a d i a t i o n  dose e f f e c t s  on 

A f u n c t i o n a l  d u p l i c a t e  of  t h e  spaceborne microe lec t ronics  package w i l l  be  
used f o r  ground tes t  so t h a t  d e f i c i e n c i e s  i n  ground t e s t  s imula t ion  programs 
can  be i d e n t i f i e d  and e x i s t i n g  ground tes t  s imula t ions  can be  improved, during 
and a f t e r  t h e  CRRES mission. The mic roe lec t ron ic s  experiment i s  p a r t  o f  t h e  
Air Force Geophysics Laboratory group of Spacerad ins t ruments  (4). 

Another engineer ing  d a t a  experiment i s  the  A i r  Force Aero-Propulsion 
Laboratory 's  High Ef f i c i ency  Solar  Panel experiment. Gallium a r s e n i d e  c e l l s  
have been shown i n  t h e  l a b o r a t o r y  t o  have beginning o f  l i f e  electrical power 
genera t ion  e f f i c i e n c i e s  as high as 18 percent ,  as compared t o  14.6 percent  f o r  
s i l i c o n  ce l l s .  To d a t e ,  s i l i c o n  h a s  been the  comonly used material f o r  
s p a c e c r a f t  s o l a r  cel ls .  It has  a l s o  been shown i n  t h e  l abora to ry  t h a t  ga l l ium 
a r sen ide  i s  n e a r l y  th ree  times as  e f f i c i e n t  as  s i l i c o n  a t  h igh  temperatures ,  
and i s  a l s o  more e f f i c i e n t  a t  end of l i f e ,  a f t e r  exposure t o  h igh  e l e c t r o n  
r a d i a t i o n  f l u x .  

The l abora to ry  environment cannot simulate a l l  space r a d i a t i o n  events  
s imultaneously,  and thus  the re  i s  a ques t ion  about  t he  accuracy of  t he  
l abora to ry  d a t a  on gal l ium a r s e n i d e  s o l a r  c e l l  r a d i a t i o n  damage. Measurements 
o f  d i f f e r e n t  t ypes  of  gal l ium a r sen ide  s o l a r  c e l l s ,  a long  w i t h  the  measurements 
of t h e  r a d i a t i o n  i n  space,  w i l l  provide h ighly  accu ra t e  engineer ing d a t a  f o r  
t he  des ign  of  space s o l a r  c e l l  panels .  The e f f e c t  of  annea l ing  the  space 
r a d i a t i o n  damage i n  ga l l ium a r sen ide  s o l a r  cel ls  w i l l  a l s o  be s tud ied .  This  
w i l l  be accomplished by running the  c e l l s  a t  a n  e l eva ted  temperature  and 
eva lua t ing  t h e i r  degradation. D i f f e ren t  types of pane l  f a b r i c a t i o n  technology 
w i l l  b e  used t o  remove t h i s  sou rce  o f  d a t a  b i a s  from the  experiment. Welded 
and so ldered  s o l a r  c e l l  s t r i n g s  of t he  same type w i l l  be  used, f o r  example, t o  
remove the  p o s s i b i l i t y  of  g e t t i n g  erroneous d a t a  caused by t h e  u s e  of  improper 
in t e rconnec t s  (5).  

A t h i r d  engineer ing d a t a  experiment i s  the  Air Force Geophysics 
I a b o r a t o r y ' s  I n t e r n a l  Discharge Monitor, which w i l l  d e t e c t ,  ana lyze  and record 
i n t e r n a l  e l ec t r i ca l  d ischarges  on 16 t y p i c a l  s p a c e c r a f t  materials i n  t h e  
measured space environment (4 ) .  These e l e c t r i c a l  d i scha rges  are due t o  charge 
bui ldup i n  d i e l e c t r i c s ,  which i s  caused by penet ra t ing  r a d i a t i o n .  

RADIATION BELT MODELING AND SCIENCE DATA 

The inc reas ing  demands f o r  space systems e l e c t r o n i c s  c a p a b i l i t y ,  
r e l i a b i l i t y  and l i f e t i m e  , and f o r  o p e r a b i l i t y  i n  a h o s t i l e  environment r e q u i r e  
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more accu ra t e  modeling of t h e  geospace environment, 
man of  long-durat ion exposure t o  t h e  space environment w i l l  become even more 
important with t h e  advent of t h e  space  s t a t i o n .  

The b i o l o g i c a l  e f f e c t s  on 

The CRRES w i l l  u se  t h e  most complete se t  t o  d a t e  of  accu ra t e  cross-  
c a l i b r a t e d  extended-range ins t ruments ,  t o  provide improved p a r t i c l e  type 
modeling and wave modeling over t h e  3- t o  5-year term. 
g ive  a b e t t e r  understanding of geospace dynamics such t h a t  process  o r d e r i n g .  
a lgor i thms can  be der ived  t o  improve ou r  a b i l i t y  t o  p red ic t  geospace dynamics. 

I n  a d d i t i o n ,  CRRES w i l l  

( 4 )  

CRRES experiments w i l l  provide much of t h e  d a t a  missing i n  e x i s t i n g  
r a d i a t i o n  b e l t  d a t a  models i nc lud ing  e n e r g e t i c  heavy i o n  measurements a t  low 
a l t i t u d e s ;  very high energy e l e c t r o n s  g r e a t e r  than  5 MeV throughout t h e  o r b i t  
and very high energy protons from 50 t o  g r e a t e r  than 300 MeV below 10,000 km. 
Dosimeters w i l l  measure t r u e  dose under c o n t r o l l e d  s h i e l d i n g  condi t ions  ( 3 ) .  

The CRRES particle d e t e c t o r s  are a l l  c ross -ca l ibra ted  and cover  w i t h  high 
accuracy t h e  f u l l  range of geospace ene rg ie s  f o r  e l e c t r o n s ,  protons,  and ions .  
The t o t a l  energy spectrum covers  from 10 ev  t o  above 9 Gev ( 4 ) .  

F i e l d  and wave experiments inc lude  a c c u r a t e  3-axis f l u x g a t e  and search  
c o i l  magnetometers mounted on a 6-meter boom, which cover  the frequency range 
f r o u  d c  t o  10  kHz, a pass ive  plasma sounder with 100 M t i p - to - t ip  wire booms, 
which covers  t he  E-f ie ld  from 5.6 Hz t o  400 kHz; and a microprocessor-controlled 
thermal  plasma probe with 100 M t i p - to - t ip  booms and s p h e r i c a l  probes,  t h a t  
covers  t he  thermal plasma range t o  10  EV and the  E-f ie ld  from d c  t o  1 kHz ( 4 ) .  

I n  t h e  low e a r t h  o r b i t  phase of t h e  CRRES mission,  t h e  Naval Research 
Laboratory 's  Low A l t i t u d e  S a t e l l i t e  Study of Ionospheric  I r r e g u l a r i t i e s  w i l l  be 
opera ted  i n  t h r e e  primary modes: a low d a t a  rate (16 kbps) mode t o  provide 
survey  measurements of  t h e  n i g h t s i d e  ionosphere,  a n  in te rmedia te /h igh  rate 
(64/256 kbps) mode i n  t h e  r eg ion  of h igh  p r o b a b i l i t y  f o r  t h e  occurrence o f  
spread-F i r r e g u l a r i t i e s ,  and a high rate (256 kbps) mode cen te red  about  t h e  
chen ica l  releases. This  s e t  of Naval Research Laboratory instruments  i nc ludes  
pulsed plasma probes f o r  measuring e l e c t r o n  d e n s i t y  f l u c t u a t i o n s ,  temperature ,  
mean-ion-mass f l u c t u a t i o n s ,  and s p a c e c r a f t  p o t e n t i a l .  Also included i s  a 
quadrupole i o n  mass spectrometer  t o  measure p o s i t i v e  and nega t ive  i o n  
composition and d e n s i t y  f l u c t u a t i o n s ;  and a VLF wave ana lyzer  t o  measure the  
E-f ie ld  spectrum from d c  t o  100 kHz and B-field spectrum from 1 Hz t o  100 kHz 
( 5 ) .  These ins t ruments  w i l l  c o l l e c t  d a t a  a t  low a l t i t u d e  (360 km) and 
complement the  prev ious ly  d i scussed  wave and p a r t i c l e  experiments ,  which w i l l  
be  used i n  t h e  geosynchronous t r a n s f e r  o r b i t .  

The NASA Marshall  Space F l i g h t  Center w i l l  be  conduct ing chemical release 
experiments i n  low e a r t h  o r b i t  and ou t  t o  geosynchronous a l t i t u d e .  
experiments w i l l  a l s o  h e l p  c l a r i f y  t h e  geospace environment p i c t u r e .  
o b j e c t i v e s  inc lude  t r a c i n g  low- la t i tude  e l ec t r i c  f i e l d s  and s tudying i o n  
t r a n s p o r t  a long  magnetic f l u x  l i n e s .  
a l s o  be  induced chemically and ground- to-sa te l l i t e  comunica t ions  effects w i l l  

These 
Their  

A r t i f i c i a l  ionospher ic  i n s t a b i l i t i e s  w i l l  
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be s tudied .  
those  h o l e s  t o  focus  HF r a d i o  waves. 
ground-based HF t r a n s m i t t e r s  w i l l  a l s o  be s tudied .  
Research Lab's low a l t i t u d e  ins t ruments  onboard CRRES w i l l  be  coord ina ted  wi th  
a l l  low e a r t h  o r b i t  chemical release experiments.  

Attempts w i l l  be  made t o  induce h o l e s  i n  the  ionosphere and t o  use  
The e f f e c t s  of  h e a t i n g  i o n  clouds us ing  

Operation of  t h e  Naval 

Addi t iona l  NASA chemical release experiments w i l l  i nc lude  performing Alfen 
wave dynamics c r i t i ca l  v e l o c i t y  experiments on i o n s  a t  o r b i t a l  v e l o c i t y  and 
s tudying  i o n  cloud dynamics under d ivergent  magnetic f i e l d  s t r e n g t h s  i n  bo th  
CRRES o r b i t s .  Also ,  a r t i f i c i a l l y  per turb ing  h igh  energy t rapped  p a r t i c l e  
popula t ions  by i n j e c t i n g  L i  seeding  plasma i n  t h e  geosynchronous t r a n s f e r  o r b i t  
w i l l  add t o  our  understanding of t h e  e f f e c t s  of extreme r a d i a t i o n  a t  
synchronous a l t i t u d e s  (7). 

SUMMARY AND CONCLUSION 

The CRRES mission h a s  been c a r e f u l l y  planned t o  h e l p  c l a r i f y  t h e  geospace 
environment p i c t u r e  and i t s  e f f e c t s  on space hardware, c o m u n i c a t i o n s  and on 
man. CRRES ins t ruments  have been s e l e c t e d  f o r  synergism, accuracy, and 
a p p l i c a b i l i t y ,  and w i l l  be c ros s -ca l ib ra t ed  f o r  cons is tency .  They w i l l  provide 
d a t a  t o  f i l l  t h e  gaps i n  geospace modeling da ta  a l r e a d y  obta ined ,  and w i l l  
update  and c o r r e c t  e x i s t i n g  models. The chemical release experiments and low 
a l t i t u d e  ins t ruments  w i l l  c l a r i f y  t h e  cha rac t e r  of t h e  ionosphere i n  low e a r t h  
o r b i t  and t h e  h igh  a l t i t u d e  chemical release experiments w i l l  improve knowledge 
of how t rapped  p a r t i c l e  popula t ions  behave out  as f a r  as synchronous 
a l t i t u d e s .  
ear th-space i n t e r c o m u n i c a t i o n s .  

The ionospher ic  s t u d i e s  w i l l  l e a d  t o  s i g n i f i c a n t l y  improved 
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CRADLE 

HONEYCOMB) 
(HEATH-TECHNA 

Figure 1 .  CRRES system 

PHASE I - CHEMICAL RELEASES PHASE I1 ~ RADIATION ENVIRONMENT MISSION 

400 x 36 000 KM 
360 x 360 KM 

LOW EARTH ORBIT (LEO) 

28.5' INCLINATION 

45-90 DAYS 

GEOSYNCHRONOUS TRANSFER ORBIT 

1 1 '  - 18' INCLINATION 

1-3 YEARS 

SPACECRAFT 

ORBIT TRANSFER STAGE 
(MORTON-TH IOKOL) 

Figure 2. Combined release & radiation effects satellite (CRRES) two-phase mission 
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Figure 3. CRRES deployment and low earth orbit operations 
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Figure 4. CRRES geosynchronous transfer orbit insertion and operations 

255 


